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PaspabotaHa 6u6aunoteka CBY-3neMeHTOB WU  C/AOXHO-PYHKLMOHANbHbIX 6/10KOB,
nossoJisowas KOPPEKTHO MojennpoBaTb 3JeKTpuyeckue xapaktepuctmkum  CBY-
TPAH3MUCTOPOB Ha YactoTax Ao 12 ITuy. MokasaH Habop CNOXHO-PYHKLMOHANbHbIX 610KOB,
NMOJIy4YEeHHbIX C UCMOJIb30BAHMEM YKa3aHHbIX MoAeNen.

A library of microwave components and complex function blocks for correct simulation of
the electrical properties of microwave transistors at frequencies up to 12 GHz is developed. A

set of complex function blocks obtained using these models is presented.

O3laHHe MHOTOQYHKIMOHAJNIBHBIX OAHO-
KpuctanbHbelXx CBHMC 1o3BoisieT 3HAYUTEIBHO
yJIy4dIIaTh MaccorabapuTHBIe XapaKTepH-
CTHKH KOHEUYHOTO H3[e/Hs, CHHUXATh CTOUMOCTbD,
IIOBBIIIATh HAZEKHOCTh U CTAbMJIBHOCTD IIpoliecca
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Puc.1. Cmpykmypa MOIlT-mpaH3ucmopa
Fig.1. Structure of the MOS transistor

HM3rOTOBJIeHHSI. AKTYaJIbHOH 3a/adell SIB/IsIeTCsl pas-
paboTka MOHOKPHCTA/IBHBIX IIpHeMO-TIepeJaloHuX
yCTpOI;ICTB CBY-nuara3soHa. O6BIYHO IS U3TOTOBJIE-
HUS OT/e/IbHBIX 6I0KOB BHICOKOUACTOTHOI'O TPaKTa
ucronb3yroT MHUC, mony4yeHHbIe C IIPUMeHEeHHEM
coemuHeHUH A3B5, Haubosee yacto - GaAs u GaN.
CyumrecTBeHHBIMH HeAOCTAaTKaMHM JaHHBIX T€XHOJIO-
THUH SIBASETCS BBICOKAsS CTOMMOCTD H3[e/IMH U CPaB-
HHTeJIbHO HU3KHH IIPOLIeHT BBIXOA,A FOOHBIX. I10 3TUM
IIpUYMHAM H3roToBIeHue 6o/pinx CBHC 110 JTaHHBIM
TeXHOJIOTHSIM He Iieslecoobpa3Ho, 0COOeHHO I151 KOM-
MepYecKoro IpuMeHeHHU .

Jlo HejaBHEro BpeMeHH KpeMHHeBble TeXHOIOTHH,
XOPOILIO 3apeKOMEHIOBABIIIHe cebsi B IPOU3BOACTBE LK~
poBbIX U LUdpo-aHamoroseix CBHUC [1], He mo3BOSIIK
nobUThCs TpebyeMbIx 3HaUeHUN CBU-xapaKTepUCTHUK,
B YaCTHOCTH, KO3QPUIIHeHTa ycuaeHus 1 myma. C pas-
BUTHEM KPeMHHEeBbIX TeXHOJIOTUH 1 yMeHbIIeHHeM
ITPOEKTHBIX HOPM 10 180 HM M HHKe IIOSIBHU/IACH BO3MOSK-
HOCTb M3rOTaBINBATh KpeMHHUeBble CBY MHC ¢ Heobxo-
JuMbIMH CBU-xapaKkTepHCTHKaMH. HecMOTps Ha TO YTO
kpeMHueBbie CBY MHC 1io-ripeskHeMy YCTYIIAIOT I10 3Ha-
YeHHUSIM [IapaMeTpPOB KOMIIOHEHTAM, BHIIIOJTHEHHBIM
Ha A3B°, BO3BMOXKHOCTb HHTerpaluu L[I/chpOBoﬁ u CBY-

AO "Hay4Ho-MCCnef0BaTeNbCKUIA MHCTUTYT MOMEKYIIPHOM 3nekTpoHuKkK" / Research institute for molecular electronics (MERI).
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YacTeH Ha OfMH KPUCTAJII [e/laeT aKTYaIbHOM pa3pa-
60TKy CBU-yCTPOCTB I10 KPEMHHEBBIM TeXHOJIOTHSIM.

Pa3paborka CBHMC - co3KHAs 3amada, OIS pelle-
HUSI KOTOPOH TpebyroTcst 6osble 3aTpaThl BpeMeHH
U pecypcoB. B psifie cirydaeB 115 IIONy4ueHUs HeobXo-
IOUMBIX XapaKT€PUCTUK TpebyeTcsi HECKOJIBKO IIPOH3-
BOACTBEHHBIX UTepalluU. [lJIs CHUKEeHHSI BpeMeHH
Y 3aTPaT Ha [IPOEKTHPOBAHMeE, A TAKKe COKpaIIeHHe
YMCIIa [IPOM3BOACTBEHHBIX UTEPALIHH, He0OX0OMMO
HCIIONIb30BaHHUe CIIelHaIbHBIX 6HbIHoTeK, comep-
KaIMX IIOBeJeHYeCKHe MOJeIU BCeX dJIeMEHTOB.
Emre 6osee 3¢ PeKTUBHEIM SIBISIETCS IIPUMeHeHHe
6ubmroTeK C/I0SKHO-PYHKIIMOHAIBHBIX 6/10K0B (CDE),
IIPeACTaBISIOMUX COOOM TOIOJIOIHI0 HEKOTOPOTO
GYHKIIMOHAIBHOTO Y3J1a C U3BECTHBIMHU XapaKTepH-
CTHKaMHM.

CBY-MOJAEN MOMN-TPAH3UCTOPOB

TumnoBas cTpykrypa MOII-TpaH3KUCTOpa IpHBeIeHA
Ha puc.l [2]. ns CBY-TpuMeHeHHH OJHUM U3 BasK-
HeHNIMX [IapaMeTPOB TPAH3HUCTOPA SBJISeTCS TPAHUY-
Has yacrorta f,. CornacHo [2] oHa ompezensieTcs Kak
4acToTa, IHPHU KOTOPOU MaJIOCUTHAIbHBIN KO3OPU-
LIMeHT yCU/IeHU 1o TOKy H,, paBeH equHuULle (0 AB).
151 TeXHOJMOI UM ypoBHS 180 HM THIIHYHBIE 3Ha-
YeHHsI T[PAHUYHOM 4acTOTEl N-MOII-TpaH3HCTOPOB
COCTaBJsIIOT 0Ko0 30-40 I'T11, a TUIMYHBIE 3HaYe-
HHS TPAaHHUYHOH 4acTOThl p-MOII-TpaH3HUCTOPOB

cocTaBisioT 15-20 I'T1. IIpu BeI6Ope TeXHOJIOTHH,
obecmeunBaloIer HafeXHoe PYyHKIMOHHUPOBA-
HMe CXeMBbI, MCII0Ib3YeTCS IIPABUJIO, COIVIACHO KOTO-
poMy IrpaHHYHAs 4aCTOTa TPAH3HUCTOPA HOJIKHA
65ITh He MeHee yeM B 10 pa3 Brllle, yeM paboyas
YacToTa MUKpocxeMsl [2]. TaKUM 0b6pa3oM, TeXHO-
smorust KMOII 180 HM MOKeT YCII€LITHO ITPUMeHAThCS
[J1s IOCTPOeHHUS CxeM C pabouHMMHU 4acTOTaMH
Jo 3-4ITh. OgHaKo B psafe IPUMeHeHH I BO3MOKHO
IocTpoeHHe cxeM, pabodass yacToTa KOTOPHIX
B 4-5 pa3 HHM>Ke TPAHHUYHOM YaCTOTHI TPAH3HUCTOPA.
9To Haubosee aKTyaNbHO AJISI CXeM, IIOCTPOEHHBIX
Ha [epeK/Iodare/siX CUTHaJIOB.

JpyrMMH Ba>KHBIMH XapaKTepHUCTUKaMu MOII-
TPaH3HMCTOpa ABAAIOTCA: MaKCHMajbHas 4YacToTa
ocuunAnuu f .., To eCTh 9acToTa, Ha KOTOPOH K03~
GULIMEeHT yCUJIeHH s 10 MOLIHOCTH paBeH eJuHHIIe;
MHUHHMaJ/bHBH Ko3ddunueHT mymMma NF_; ; Touka
MHTEPMOAYAALMH HAIIPSAXKeHU I TPeThero mnopsaka
Vip3; TEIUIOBOM IIYM i4°.

Huke mprBegeHbl OPMYIIEI, IIO3BOJISAIONIE Pac-
CYMTATh 3TH ITapaMeTpHl (3, 4]:

f 1 gm
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21 Cp +Cppp + Gy +Cyy

1

£
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he creation of a multifunc-

tional single-chip very large

scale IC can significantly
improve weight and size char-
acteristics of the final product,
reduce the cost, improve the reli-
ability and stability of the manu-
facturing process. An actual task
is the development of single-chip
UHF transceivers. Usually for the
manufacture of separate blocks
of high-frequency tract MMIC
obtained with the use of A3B°> com-
pounds, the most common GaAs
and GaN.

Generally for production of sep-
arate blocks of a high-frequency
path small ICs are used, which are
made with the use of A3B® com-
pounds, the most common - of
GaAs and CaN. Major limitations
of these technologies are the high

cost of goods and a relatively low
percentage yield. For these rea-
sons, the use of these technologies
in manufacturing of very large
scale ICs is not appropriate, espe-
cially for commercial ICs.

Until recently, silicon technol-
ogy, which is well proven in the
production of digital and mixed-
signal very large scale IC [1], does
not allow to achieve the required
microwave characteristics, in
particular, of amplification and
noise figure. With the develop-
ment of silicon technology and
the reduction of the feature sizes
to 180 nm and below, it became
possible to manufacture silicon
MMIC with the desired microwave
characteristics. Despite the fact
that the parameters of the silicon
MMIC are still worse than that of

components based on A3B®, inte-
gration of digital and microwave
parts on a single crystal makes rel-
evant the development of micro-
wave devices with use of silicon
technology.

The development of very large
scale ICs is a complex task, requir-
ing large expenditures of time and
resources. In some cases, obtain-
ing the required characteristics
requires several production itera-
tions. To reduce the time and costs
of design, as well as the number
of production iterations, it is nec-
essary to use a special library con-
taining the behavioral models of all
elements. Even more effective is the
use of the library of complex func-
tion blocks (CFB), which represent
the topology of some functional
part with known characteristics.
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Puc.2. MonepeyHoe ceveHue MpaH3ucmopa ¢ ykasaHuem napasumHblX KOMNOHEHMOo8
Fig.2. Cross section of the transistor with the parasitic components
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Puc.3. Mpumep CBY MOIM-mpaH3ucmopa Ha ocHoee Uudposoli
moodenu

Fig.3. An example of a microwave MOS transistor based on a digi-
tal model
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rge K - mocTtosiHHag bonbliMaHa; g, ~ IPOBO-
OHUMOCTbB; g,,”" — BTOpasi IPOU3BOAHAS IPOBOAH-
MOCTH; Cgq, Cpapy Cogo M Cog, ~ BXOAHAS €MKOCTB,
HapasvuTHas eMKOCTh 3aTBOP-TIOAJIOKKA H € MKO-
CTH IIepexX0J0B CTOK-3aTBOP M HCTOK-3aTBOP;
R, v R; -~ compoTHB/IeHHe 3aTBOPa U peajbHas
4acCTh BXOAHOIO MMIeJaHCa 3a CYeT He KBa-
3UCTAaTUYECKUX 3O PEKTOB COOTBETCTBEHHO;
R - compoTHB/IeHHE UCTOKA.

O6bIYHO B CTaHJAapTHBIE NMOCTAaBKHU KOM-
IIJIeKTa CPeACTB IIPOEKTHUPOBAHUSA BKIIOYEHBI
MoOJeNH 37IeMeHTHOH 6a3sl, pa3paboTaHHbBIe OIS
IUOPOBOTO M HM3KOYACTOTHOIO aHAJIOTOBOTO
MIpoeKTHUPOBaHUSA. OgHaKO OOBIYHO 3TH MOJeNH
HeKOPPeKTHO OIMCHIBAIOT [TOBeeHMe IPpHbopoB
Ha BBICOKHMX YaCTOTaX, TaK KaK He YYUTHIBAIOT
BCce 3¢ PexThl. [ToKa3aHHBIM Ha 2 YeTHIPeXIIOPTO-
BbIM MOII-TPaH3HUCTOP MOKHO pa3leluTh Ha IBe
YacTH: BHYTPeHHUN U BHEIIHUH TPaH3HUCTOP.

BHeIIHNN TPAaH3HUCTOP COLEP>XKUT TaKHe KOM-
IOHEHTHI, KaK CONPOTHBIEeHHEe 3aTBopa Ry,
€MKOCTH IepeKPBITHUS 3aTBOP-CTOK Cyi, U
3aTBOP-HCTOK Cyy, M IPYyTHE, KOTOPble He YIH-
ThIBaeT LKUpoBasi MOLe/lb TPaH3HUCTOpa. Ha
puc.3 noka3aH npumMmep CBU-Mmomenu TpaH3U-
ctopa [5].

ITpu pa3paboTrke CBU-Mozenu B AaHHOH paboTte
3a OCHOBY B3sTa Mojenb BSIM4SOI4 u K HeH
nob6aBeHbl BHEIIHHE KOMIIOHEHTHI, YUHUThIBAIO-
mue 3¢ PeKThl, BOSHUKAKIHUE HAa BBICOKHUX YaCTO-
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Fig.4. Block diagram of the measuring complex

TaX. M3MepeHHs TeCTOBOIO KpHCTalaa OblIHN
BBITNIO/IHEHBI C IOMOINbIO NPOrpaMMHO-aMIa-
paTHoOro KoMIlJIeKca, II0oKa3aHHOTo Ha puc.4. Ha
PpHC.5 IpuBeleHO CPaBHEHHe pe3y/IbTaTOB paboThl

MOOe/IN U JaHHBIX I/IBMQPEHI/II;I.

MICROWAVE MODEL

OF MOS TRANSISTORS

The typical structure of the MOS
transistor is shown in Fig.1[2]. For
microwave applications, the tran-
sistor cutoff frequency f; is one of
the most important parameters.
According to [2] it is defined as
the frequency at which the small-
signal current amplification fac-
tor H,, is equal to one (0 dB). For
180 nm technology the typical
values of the cutoff frequency of
nMOS transistors are about of
30-40 GHz, and the typical values
of the cutoff frequency of pMOS
transistors are from 15 to 20 GHz.
When choosing technology that

HABOP C/I0OXXHO-®YHKLMOHA/bHbIX

BJIOKOB AN CO3AAHUA BECITPOBOAAHDIX
MPUEMO-NEPEJAIOWMNX YCTPONCTB

Hab6op 6/10k0B, KOTOPBIH IIJIAHUPYETCSI BKIIOYUTH

B cocTaB bubnuoteku CPB, mpuseneH B Tabn.l.

ensures reliable operation of the
circuit, the rule is used according
to which the cutoff frequency of the
transistor should be not less than
10 times higher than the chip speed
[2]. Thus, the 180 nm CMOS tech-
nology can be successfully used to
create circuits with chip speed up to
3-4 GHz. However, in some applica-
tions it is possible to build circuits,
which speed is 4-5 times below the
cutoff frequency of the transistor.
This is especially important for cir-
cuits, based on the signal selector.
Other important characteris-
tics of a MOS transistor are: max-
imum oscillation frequency f,,,
i.e. the frequency at which the

amplification is equal to 1; min-
imum noise figure NF;,; third-
order intermodulation point V,3;
thermal noise i42. Below are for-
mulas to calculate these parame-
ters (3, 4]:

_1 8m
tom Cag *+ Cpar +Caso + C gy
1
meX =
2\/(Rg +R,)(84 +21E,Cy, )
NE_ -1+KL g (Rg +R+R,)
min ft m g i s

24
Vi =gt
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Tabauua 1. Habop cA0XKHO-QYHKUUOHANbHbIX 6A0K08
Table1. Set of complex function blocks

®DyYHKLUOHaNbHOE
B e Crts
Functional purpose q y ge,
1 ManowwyMsALWnUA yCuanTenb 05-2
Low-noise amplifier ’
SPDT-nepekoyartesb _
2 SPDT switch =0
3 SPDT-nepekoyartesb 4-8
SPDT switch
4 SPDT-nepek/oyartesb -4
SPDT switch
5 SPDT-nepeko4artesb 1-2
SPDT switch
ATTeHIoaTop e
8 Attenuator Eaz
dasospaLlaTesb L
7 Phase changer Shles

Bce 6/10KHM HM3TOTaBIUBAIOTCS 10 OTeYeCTBEHHOMH
TexHosoruu KMOII KHH 180 HM Ha mpeanpusaTHHU
OAO "HUMMD 1 MUKPOH" I10 CTAaHaPTHOMY CepHI-
HOMY T@XHOJIOTHYEeCKOMY IIPOLIeCCY, YTO FapaHTH-
PyeT BBICOKHMH MPOLIeHT BBIXOAA TOAHBIX, HaLeX-
HOCTb M KaYeCTBO IIPOAYKLIMH. M3MepeHU s IIPOBO-
JUTUCDH C IIOMOIIBIO CIIeIIHA/IBHOIO IIPOrpaMMHO-
anmapaTHOIo KOMIIJIeKCa Ha OCHOBe 060pyJoBaHHUS
dupmer Agilent.

Manomymsamum ycunurtens (MIIY) - oquH U3
K/II04eBBIX 6710KOB B IpreMHOM CBY-TpaKTe CUCTEM
PamuoCBA3H, PagMOOKALIMM U HaBUTrallUHU. Ero
3a7lava - yBeJIMUYUTh MaJIblil CUTHAJI 10 TpebyeMoro
YPOBHS, BHeCS IIPU 5TOM MHUHHMAJbHBIH IIYM.
PaspaboraHHBIE MIIY moCTpoeH IO OJHOKACKOJ-
HOM cxeMe Ha Nn-MOII-TpaH3ucTopax (puc.6).

IIpu co3maHUM COBpeMEeHHBIX MHOTOKaHAJIBHBIX
CBY-ycTpPOMCTB He06X0AMMO pellaTh 3alaul KOM-

Tabauua 2. PacyemHble mexHU4ecKue XxapakmepucmuKku Manolymsuie20 ycuaumenst 8 CpaéHeHuU ¢ aHanozamu
Table 2. Design parameters of low-noise amplifier in comparison with analogues

MapameTp HUNMD n MukpoH
Parameter 71 [8] 9] [10] MERI and Mikron
TexHonorus KMOTIT, 0,18 MKM BuKMOIT, 0,13 MKM GaAs DHEMT KMOIT, 0,18 MKM KHW, 0,18 MKM
Technology 0.18 pm CMOS 0.13 pm BiCMOS P 0.18 pm CMOS 0.18 pm SOl
YacrtoTa, 'y _ _ _ » n
Frequency, GHz 0,4-5 3-5 3-5 5-6 0,5-3
Ko3¢. ycunenus, ob » _
Amplification, dB 16,5-10 21-20 >20 20 12
Ko3d. wyma, ab
Noise figure, dB 33 2,4 3 0.8 42

i2 = 4KTyg,, Af

where K is Boltzmann constant; g,
is conductivity; g,," is the second
derivative of the conductivity; C,,,
Cpars Cgeo and Cyq, are input capaci-
tance, parasitic capacitance of the
gate-substrate and junction capac-
itances for drain-gate and source-
gate; R, and R; are gate resistance
and the real part of the input imped-
ance due to non quasi-static effects,
respectively; R, is source resistance.

Usually standard set of design
tools include models of the circuitry
developed for digital and low fre-
quency analog design. However,
typically these models incorrectly

HAHO MHOVCTPHA #s/67/2016

describe the behavior of devices at
high frequencies, as it does not take
into account all the effects. Shown
in Fig.2 four-port MOS transistor
can be divided into two parts: the
internal and the external transistor.
External transistor contains such
components as a shutter resistance
R,, gate-to-drain overlap capacitance
Cqdo» gate-to-source overlap capaci-
tance Cgy, and others, which does
not take into account the digital
model of the transistor. Fig.3 shows
an example of a microwave transis-
tor model [5].

The development of microwave
model in this paper is based on
the BSIM4SOI4 model with added

external components, which take
into account the effects at high fre-
quencies. The test chip was mea-
sured using a hardware-soft-
ware complex (Fig.4). Fig.5 com-
pares the results of modelling and
measurement.

SET OF COMPLEX FUNCTION BLOCKS
FOR CREATION OF WIRELESS
TRANSCEIVER

Table 1 shows a set of blocks which
is planned to be included in the
CFEB library. All blocks are manu-
factured by domestic 180 nm CMOS
SOI technology at MERI and Mikron
JSC in the standard production pro-
cess that guarantees high yield rate,
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Fig.5. Measured and simulated values of parameters of transistors

myTanuu CBY-cUrHa/loB MeXAYy KaHajlaMu. s
3TOro Tpebyrorcs CBU-miepexsIouaTeIN, I03BOJISIO-
e KOMMYyTHUpoBaTh CBY-CHMTHAJIH TaK, 4yTOOLI HE
IIPOUCXOLHUJIO OTPAHUYEHU N 110 pabouuM 4yacTo-
TaM, CKOPOCTH IIepeKIYeHU s, MOLUIHOCTH.
[lepekJiroyaTe/sIy CUTHAJIOB IIOCTPOEHBI I10 CXeMe,
NpUBeIeHHON Ha PUC.7. B 3aBUCHMOCTH OT Tpebye-

MOTO YaCTOTHOIO JHala30Ha HHAUBH/YalbHO MOJ-
6HparTCs ONTHMaJbHbIe 3HAUeHHUS MIHPUH IIPO-
XOJHOTO U IMIYHTHUPYIOLIero TPaH3UCTOPOB. 3amaya
OAHHOM ONTHMM3ALUU - [TOJIy4eHHe MUHUMAJIb-
HOI'O YPOBHSI BHOCHMBIX I10TE€Pb BO BKIIOUEHHOM
COCTOSIHMM ITpU 0becreyeHU M JOCTATOUHOIO YPOBHS
Pas3BA3KHU B BEIKJIIOUeHHOM COCTOSIHHH.

MutanneV=1,8 B
vdd
PY BbIXOA,
rj RFOUT
PY BxOA,
RFIN
=
OMOpHbIV TOK
ibias
gnd

PY BbIxoa2
RFOUT2
P4 BxOf,
RFIN
ML | v[ M2
PY BbIXOA1
RFOUTL
Lrlums L¥ ma
M5
EI M6
R1 H R2 H [«
R3 R4
s

Puc.6. Snekmpuyeckas cxema COb MLLUY
Fig.G. Circuit diagram for CFB LNA

Puc.7. 2nekmpuueckas cxema SPDT-kAvo4a
Fig.7. Circuit diagram for SPDT switch
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Tabauua 3. PaciemHble mexHu4eckue xapakmepucmuku SPDT-nepekAtouameneli 8 CpagHeHUU ¢ aHano2amu

Table 3. Design parameters of SPDT switch in comparison with analogues

HUNM3D  MukpoH
EDEL TS MERI and Mikron
Parameter
P 3
KMOTIN KHA
TexHonorus KMOTM KHW 0,18 MKm KHW 0,25 MKM
Technology 0.18 pm CMOS SOl SOl 0.25 um CMOS
SOI
[unanasoH 4acTorT, 'y, _ _ _ — _
Frequency range, GHz -2 2-4 4-8 8-12 09 2,4-5
YpoBeHb BHOCUMbIX
novepb, 4b 1 1,6 2,2 3 0,39 1
Level of insertion loss, dB
Pa3Bs3Ka B BbIK/HOYEHHOM
cocTtosiHuu, Ab >30 >30 >30 >25 49 46
Decoupling in the off state, dB
Pasmep kpuctanna, Mm? _ _
Chip size, mm? 0,1x0,15 (6e3 KI)
LHudpoBrle aTTeHIOATOPH HAaXOOAT LIMPOKOeE Lar=2NLpep + NL;poxon
IpPHMeEHEHHEe BO MHOTHX COBPeEMEHHBIX CHCTe-
MaXx CBSI3H, IIO3BOJISISI PEryJIMPOBATh ocnabne- roe N - paspsgHOCTb aTTeHIoATOpa, LHep —- IIOTepH,

HUe C olnpeJe/leHHbBIM QUKCHUPOBAHHBIM LIATOM.
O6bIuHO LHOPOBOI ATTEHIATOP MpeACTaBIsgeT
cobor Habop pe3UCTUBHBIX ATTEHI0ATOPOB II- U1K
T-Tumna, pasfe/ieHHbIX MepeKIYaTeNsIMU CUT-
HaJIOB, KOTOPbIe MO3BOIAIOT MPOMYCKAaTh CUTHAI
yepe3 pe3UCTHUBHBIN aTTEHIOATOP UJIU B 006X0[ ero
C MUHHMaJ/IbHBIM YPOBHEM BHOCHMBIX ITOTepb [13].
B TakoM cylydae ypoBeHb BHOCKHMBIX IIOTE€Pb OIIpe-
nensieTcs cleayomel GopMyIon:

BHOCHMBIe OOHHM IepeKJovaTeseM, anoxon -
IIOTepH, BHOCHMBIE IIPOXONHBIMHU KaHajlaMH
BEIKJIOUEHHB X AaTTeHIOHMPYIOINHUX sf4YeeK. B
CBSI3M C 3THM HIpHU pa3paboTKe aTTeHI0ATOpa
IIpHMeHeHa CXeMa Ha OCHOBe IpeJJIoKeHHOU B
pabote [13], KoTOpast OCHOBaHA HAa BKIIYEHHUU
IepeRII0YATENEHN B COCTAB SUYeHKU U obbenrHe-
HUHU OBYX CexkIIMHA B oOuH 610Kk. Ha puc.8 npu-
BeZleHa 3JIeKTpHYecKas CxeMa aTTeHIoATopa,

reliability and product quality. The
measurements were carried out
with the help of special hardware-
software complex on the basis of
Agilent equipment.

Low-noise amplifier (LNA) is one
of the key blocks in the microwave
receiving path of telecommunica-
tion, radar and navigation systems.
Its mission is to increase small sig-
nal to the required level, making the
minimum noise. Designed LNA is
built using single-section layout on
n-MOS transistors (Fig.6).

When creating a modern multi-
channel microwave devices it is nec-
essary to solve the problem of switch-
ing microwave signals between the

HAHO MHOVCTPHA #s/67/2016

channels. This requires microwave
switches, which allows switching
the microwave signals so that there
were no restrictions on operating
frequency, switching speed, power.

Signal switches are constructed
according to the scheme shown in
Fig.7. Depending on the desired fre-
quency band the optimum values of
the widths of the feed-through and
bypassing transistors are individu-
ally selected. The objective of this
optimization is the achievement of a
minimal level of insertion loss in the
on state whit sufficient level of isola-
tion in the off state.

Digital attenuators are
widely used in many modern

communication systems, allow-
ing to adjust the attenuation with
a fixed step. Typically, the digi-
tal attenuator is a set of resistive
attenuators of P- or T-type, sep-
arated by a signal switches that
allows to pass the signal through a
resistive attenuator, or bypassing
it with minimal insertion loss [13].
In this case, the level of insertion
loss is determined by the following
formula:

L, =2NL_, +NL

mep TIPOXOJ,

where N is the attenuator capacity,
Lyep 18 loss in one switch, Ly;o.0, 18
loss of insertion-through channels

of switched off attenuator cells. In
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Fig.8. Circuit diagram for digital attenuator

this regard the attenuator scheme
based on the proposed in [13], which
is based on the inclusion of switches
in the cells and blocking of the two
sections, is used. Fig.8 shows the cir-
cuit diagram of the attenuator, and
Fig.9 - topology of the chip for exper-
imental studies of two designs of
the attenuator with different man-
agement interface and SPDT switch
optimized for a frequency range of
8-12 GHz.

Microwave phase changers are
most common used in phased-array
antennas of superfast information
processing systems and in multipur-
pose measuring devices. One of the
main parameters of multi discrete

phase changer are the maximum
phase shift and minimum discrete.
Circuit diagram of the developed
phase changer is shown in Fig.10.
Fig.11 shows a test chip containing
the phase changer, low noise ampli-
fier and signal switch, which is con-
nected to the bonding areas for mea-
surements using an automated
complex.

CONCLUSION

A library of microwave compo-
nents and CFBs for correct simula-
tion of the electrical properties of
microwave transistors at frequen-
cies up to 12 GHz is developed. A set
of CFBs obtained using these models

is presented. The characteristics
of CFBs correspond to the level of
technology.

Developed library will allow to
model effectively complex digi-
tal-to-analog very large scale IC for
the serial production at MERI and
Mikron JSC. [ |

The project is supported by the Ministry
of education and science of the Russian
Federation in the framework of the Federal
target program "Research and development
on priority directions of scientific and tech-
nological complex of Russia for 2014-2020"
according to the agreement No.14.579.21.0072
dated 24 November 2014 (unique identifier of
applied research REMEFI57914X0072, code of
project 2014-14-579-0129).
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Tabauua 4. PacdemHble mexHUYecKUe Xapakmepucmuku ammeHamopa 8 CpagHeHUU ¢ aHan02amu
Table 4. Design parameters of attenuator in comparison with analogues

MapameTtp HANUMD n MukpoH
Parameter MERI and Mikron (3] [14] (151
TexHonorus KMOTM KHW 0,18 MkMm KMOTT 0,18 MKM SiGe BUKMOI 0,25 MKM KMOI 0,18 MKM
Technology 0.18 pm CMOS SOl 0.18 pm CMOS 0.25 pm SiGe BIiCMOS 0.18 pm CMOS
[wnanasoH YactoT, I, _ w B B
Frequency range, GHz e fele el e
KONMYecTBO COCTOAHNI
Number of states 125 12 s 123
Ko3d. nepegaun, ab _ _ _ B
Transmission gain, dB & =
CKO aMnanTyaHoM
olwnbkun, aob
Standard deviation of ampli- 3 EE L o
tude error, dB
Tok noTpebneHns 0 0 _ _
Current consumption
Pasmep KpucTanna, Mm2 ~
Chip size, mm? 0,2x0,15 (6e3 KI) 0,4%0,6 (6e3 K) 8,4 (NpvemMo-nepeaaTyumK) 1,25%0,4

Puc.9. Tononozus mecmosozo kpucmaanna

Fig.9. Topology of the test chip
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a Ha puc.9 - TOIOJIOTHU S KPUCTAJLja AJ1s dKCIIePH-
MEeHTAJbHBIX HUCCAeL0BAHHUM JBYX KOHCTPYKIIHH
AaTTeHKATOpa, Pa3NHMYARIKUXCI HHTepbercom
ynpapiaeHud U SPDT-iepexioyaTenss, ONTUMH3U-
POBaHHOIO Ha YaCTOTHBIM Auana3oH 8-12 I'T.

dazoppamarenu CBY Haubonee ymoTpebu-
TeJbHBl B Ga3sMpPOBAHHBIX aHTEHHBIX pelleTKax
cucTeM cBepxbrIcTpor 06paboTKU MHPOpMALIKH,
HM3MepUTEe/bHOH allllapaType NIKMPOKOro Ha3Have-
Husg. OTHUM K3 OCHOBHBIX IIapaMeTPOB, XapaKkTe-
PU3YOIKMX MHOTOOUCKPeTHBIN pa3oBpaliaTens,
SABISIIOTCS MaKCHMaJbHBIM (a3oBBIH COBUI U
MHHHMAJbHBIM JUCKDPET. DJIeKTpHUecKas cxema
paspaboraHHOro gpasoBpalmarens NpuBeJeHa Ha
puc.10. Ha puc.1l moka3aH TeCTOBBIM KPHUCTAJI,
comepXamuu da3oBpallaTesb, MaJOMyMsIOHHU
YCHJIMTe/b U [epeKk/JrvyaTelb CUTHAJIOB, pa3Be-
JeHHBIM B KOHTaKTHBIE IIJIOMAAKH 11 H3MepeHHH
C IIOMOIIIbI0 aBTOMATH3MPOBAHHOI0 KOMIIJIEKCa.

3AK/IIOYEHUE

PaspaboTtaHa 6ubnuorexka CBY-anemeHTOB U CPB,
[103BOJISIIONIas KOPPEKTHO MOJEJIHUPOBATh 3JIeK-
TpUYeCKHe XapaKTepHUCTUKU CBY-TpaH3HCTOPOB
Ha yacTtoTax mo 12 I'Ti. [TokasaH Ha60p CPB, nony-
YeHHBIX C MCII0/Jb30BaHHEM YKa3aHHBIX MOJeJlel.
XapakTepucTUKU CPB COOTBETCTBYIOT YPOBHIO
KCIIOIb3ye MOt TeXHOJIOTHH.
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Tabauua 5. PacyemHble mexHU4ecKue xapakmepucmuku ¢pazospauiameasi 8 CpaéHeHUU ¢ aHan02amu
Table 5. Design parameters of phase changer in comparison with analogues

MapameTp HANMD u MukpoH
Parameter MERI and Mikron 3] [l (7]
> s SiGe BUKMOT,
TexHonorus KMOM KHW 0,18 MKM KMOT 0,18 MKM v 0,18/0,13 MKM
Technology 0.18 pm CMOS SOI 0.18 pm CMOS 0.42/0.25 um SiGe 0.18/31.23'\;1815&@
BICMOS
[wnanasoH YacTorT, 'y _ _ E _
Frequency range, GHz 9,5-10,5 8,5-10 8-12 8,5-10,5
KonMyecTBO COCTOAHUI
Number of states 123 128 e =
Ko3¢. nepenauu, ob _ _ N N
Transmission gain, dB e Jerl b
CKO ¢da3oBon OWMOKM, Fpaj.
Standard deviation of phase 5 2 5 3
error, degree
CKO amnanTygHou
owmnékun, ab _ _
Standard deviation of ampli- 2 0
tude error, dB
Tok noTpebneHus
Current consumption g Y fce S
Pasmep kpucTanna, Mm2 2,0x1,5
Chip size, mm? 2,9x0,5(6e3 KM) (63 KM) 1,4%x2.8 11x1,9
PaszpaboraHHas 6ubnuoreka mo3Bonut 3¢dpex- 6. Kinayman N., Bonilla M., Relcourse M.,

THBHO MOJEJHUPOBATH CJIOXKHBIE IIUPPO-aHATIOTO-
Bhie CBUC a1g majJbHeMIIero M3roTOBJIEHUS II0
POCCHICKOMY CepPHHHOMY TeXHOJIOTHYeCKOMY IIPO-
neccy dupmer OAO "HUMM3 u MuUKpoH".

Paboma svinoaHera npu noddepskke Munucmepcmaa obpa-
308aHus u Hayku Pocculickoil Pedepauuu 8 pamkax ¢pede-
paabHoii ueaesoii npoepammsl "Hccaedosanus u paspabomku
M0 NPUOPUMEMHbLM HANPABACHUAM PA3BUMUS HAYHHO-Mex-
Huuecko2o komnaekca Poccuu Ha 2014-2020 20061" no cozaa-
weHuto Ne 14.579.21.0072 om 24 Hoabpa 2014 200a (yHukaAb-
Holll udeHmuukamop npukAadHbiX Hay4HbIX uccAedosaruil
RFMEFI57914X0072, wiugp pabomst 2014-14-579-0129).
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®OPYM SEMICON RUSSIA 2016

C7no 9 nioHs B Mockse cocTos1cs OpyM Mo MUKPO- U HAHO3NEKTPO-
Huke SEMICON Russia. B 2016 rogy opraHu3atopbl C4enanu akueut
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TWRA, yCAyr v 060pyA0BaHMS.

MepBbiM MeponpusTueM bbin "POCCMACKNA CTpaTernyeckuin CUm-
MO3MyM MO BbLICOKMM TEXHONOTWSM", KOTOPbIM OTKPLIA AEN0BYI0 MPO-
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BUTENM TaKMX OpraHu3auum, kak PocHaHo, imec, FlexEnable, Frost
& Sullivan, MIRDC, "AHrcTpem”, Picosun, Fairchild Semiconductor,
"CunoBas 3nektpoHuka“, PBK, Intel, SAP, Autodesk, Silicon Saxony,
Fraunhofer. Takxe cocToancs POCCMIACKO-TaikBAHLCKUIA TEXHONOTM-
yeckuil Gopym MONyNpOBOAHMKOBOTO 060pYAOBAHUS M MepcnekTuB
OTpaCcNeBoOro B3aUMOALACTBUS.

Boictaska SEMICON Russia cobpana Ha cBoeit naowgaake 80 3Kc-
MOHEHTOB, KOTOPbIE MPOAEMOHCTPUPOBAAN NEPedoBbIE TEXHONOrUU,
060pyA0BaHNe W MUNOTHbIE MPOeKTbl B Chepe MUKPO3NEKTPOHUKM
N CMeXHbIX Hanpas/eHuid. B BbICTaBKe MPUHAU y4acTUe KOMNAHWM
NnoNyNpOBOAHNKOBOW OTPacau 13 15 cTpaH Mupa, BKaoyas Poccuto,
AscTpuio, benopyccuio, benbruio, Kutaw, Yexuto, OuHasHAuio,
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YyenoBex.
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